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Tuesday, March 8, 2011 465aresults obtained for backdoor phosphorylation of the enzyme in the presence of
Pb2þ ions.
In conclusion, we demonstrate that Pb2þ bound to the enzyme stabilizes an E2-
type conformation. In particular, under conditions that promote enzyme phos-
phorylation, Pb2þ ions are able to confine the Naþ,Kþ-ATPase into a phosphor-
ylated E2 state (4).
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Copper plays important physiological roles as a protein co-factor. In bacteria,
cytoplasmic copper homeostasis is controlled by P1B-1-type Cu
þ-ATPases.
These highly homologous transporters share a common structure and the
classical Albers-Post (E1/E2) mechanism. It is accepted that most of these
enzymes drive cytoplasmic metal efflux and consequently confer Cuþ toler-
ance. Other members of this subfamily appear required for cuproprotein as-
sembly. Early studies using gene deletion, phenotypical characterization and
functional complementation, have suggested that these are in fact Cuþ im-
porters. To explain this phenotypical observation within the mechanistic con-
strains of the transport cycle of P-type ATPases, we have studied the Cuþ
transport by three proposed Cuþ importers: P. aeruginosa CopA2, E. hirae
CopA and Synechocystis PCC6803 CtaA. These were expressed in an
E. coli strain lacking its endogenous Cuþ-ATPase (DC194), functional
complementation was tested, and 64Cuþ transport into everted vesicles mea-
sured. These experiments show that all Cuþ- ATPases drive Cuþ efflux al-
though with quite different kinetics. ATPases involved in cuproprotein
assembly have much slower transport rates and high apparent metal affinities.
These characteristics explain phenotypes observed upon mutation of the cod-
ing genes.
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The ATP7B copper ATPase is included in the P1-type ATPase subfamily,
which is selective for soft and transition metals. Its function is to deliver cop-
per to nascent metalloproteins and export excessive copper from the cell (1).
Biochemical characterization of this enzyme is hindered by its very low native
abundance and difficult detection of copper signal within the catalytic time
frame. We recently reported high yield heterologous expression of ATP7B
in COS-1 cells infected with adenovirus vector, and functional characteriza-
tion of membrane-bound ATPase obtained with the microsomal fraction of in-
fected cells (2). Here we show that the membrane-bound copper ATPase
obtained under the above-mentioned conditions is suited for adsorption on
a solid supported membrane and measurements of charge transfer. Using
this method, we detected charge movement within a single catalytic cycle
upon addition of ATP. We suggest that the observed charge movement is
due to displacement of bound copper, and it is related to formation of phos-
phoenzyme intermediate. ATP dependent charge movements, as well as phos-
phoenzyme formation, are totally prevented by single mutations of copper
binding sites.
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Fluorescence labeling provides an important tool to study the structure and
function of proteins. Typically, fluorescence labeling involves either chemical
modification or protein fusion with fluorescent probes. These techniques, how-
ever, have several significant drawbacks. First, the degree to which fluorescent
probes interfere with protein folding and function is a concern. Second, many
protein domains are difficult to target specifically. In the particular case of in-
tegral membrane proteins, few fluorescent probes can be targeted specifically to
transmembrane domains without significantly disturbing protein function.
Thus, small fluorescent probes that minimally perturb the structure and function
of integral membrane proteins are needed. In this study, we genetically incor-
porated Anap, an environmentally-sensitive fluorescent unnatural amino acid,
into specific locations in the Arabidopsis thaliana type 2 Hþ-ATPase
(AHA2) expressed in Saccharomyces cerevisiae. The nonsense stop codon
TAG was substituted for Trp codons to incorporate the unnatural amino acid
into specific sites within the first two transmembrane alpha helices of AHA2
using an engineered suppressor tRNA that carries the artificial amino acid
and is orthogonal to natural amino acids. Culture conditions were varied to
maximize expression of a fluorescent 97 kDa protein in yeast that was only ob-
served when Anap was included in the culture media. By taking advantage of
the environmentally sensitive properties of this fluorescent unnatural amino
acid, the resultant labeled protein can be used to study conformational dynam-
ics during the enzyme cycle that may result from changes in the local environ-
ment surrounding the incorporated fluorescent probe. Fluorescence labeling of
membrane proteins using this approach should allow detailed studies of local
conformational kinetics that will shed new light on structure function relation-
ships in this class of enzymes.
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The exposure of plasma membrane calcium pump to surrounding phospho-
lipids was assessed by measuring the incorporation of the photoactivatable re-
agent [125I]TID-PC/16 into the membrane regions of this pump. In the absence
of activators, Ca2þ increases the incorporation of [125I]TID-PC/16. On the
contrary, in the presence of Ca2þ and either calmodulin or phosphatidic acid
the incorporation of the labeled phospholipids is decreased. Proteolysis of
PMCA with V8 protease results in 3 main fragments: fragment N (TM 1 and
2), fragment M (TM 3 and 4) and fragment C (TM 5 to 10). In the presence
of Ca2þ, CaM decreased the level of incorporation of [125I]TID-PC/16 to
fragments M and C, while phosphatidic acid decreased the incorporation of
[125I]TID-PC/16 to fragments N and M, suggesting that the conformational
changes induced by calmodulin or phosphatidic acid extend to the transmem-
brane domains. The result also indicates differences between the active confor-
mations produced by calmodulin and acidic phospholipids. To verify this, we
also measured FRET between PMCA labeled with eosin isothiocianate at the
ATP binding site and Rho-PE included in PMCA-containing micelles. CaM de-
creased the efficiency of the energy transfer between these two probes while PA
did not. The result indicates that activation by CaM increases the distance be-
tween the ATP binding site and the membrane, but acidic phospholipids do not.
Moreover, the access of two proteases to their sites of cleavage was different in
the presence of calmodulin or phosphatidic acid. The results indicate structural
differences between the PMCA conformations induced by these activators.
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The calmodulin (CaM) binding domain of isoform 4b of the Plasma Mem-
brane Ca2þ Pump (PMCA4b) is represented by the peptide C28. CaM binds
to either PMCA or C28 by a mechanism in which the primary anchor residue
of the binding domain (Trp 1093) binds to the C-terminal lobe of the extended
CaM molecule, followed by collapse of CaM with the N-terminal lobe bind-
ing to the secondary anchor Phe 1110 (N Juranic et al. [2010] J Biol Chem
285:4015-4024). This is a relatively rapid reaction, with a half time of about
1 sec. The dissociation of CaM from PMCA4b or C28 is much slower, with
a half time of about 10 min. Fluorescence measurements with C28 and the
fluorescent CaM derivative TA-CaM, and molecular dynamics calculations
concur in showing that the path of release of the PMCA4b CaM binding do-
main is quite different from that of binding. We now show that in the presence
